We describe the genetic variability of HIV-1 subtypes and recombinant genomes in samples from southeastern and southern Brazilian regions. Phylogenetic analysis of a subset of 34 samples (8F, 7B, 7C, 2D, 1A, and 9 B0 variant) based on the DNA sequencing of the env gp120 and gp41, gag p17, and nef regions confirmed the presence of nine (26.5%) potentially HIV-1 recombinant genomes. From the eight C2-V3 gp120 subtype F samples, only two seem to be pure F. One of the samples, classified as B0 in the C2-V3 gp120 and as B in gp41 had the gag and nef regions clustering with subtype C. Two of seven C2-V3 subtype C samples presented distinct recombinant patterns as Bgag/Cenv/Bnef and Bgag/Cenv/Cnef. Putative recombinant breakpoints were obtained for three samples presenting discordant subtypes (F/B) between gp120 and gp41 env fragments showing that similar breakpoints could be observed between two unlinked samples (95BRRJ014 and 96BRRJ101). A higher degree of polymorphism was verified in the analysis of a subtype A sample (98BRRS058) in the C2-V3/gp41 env fragment. The intrasubtype C distance was found to be lower than that found for the other subtypes for all genomic regions. These data confirm that distinct HIV-1 subtypes and recombinant forms are actively participating in the Brazilian AIDS epidemic, and that the subtype C was introduced more recently into southern Brazil. 1261 
INTRODUCTION T
HE HIV/AIDS PANDEMIC is highly heterogeneous and dynamic and composed of distinct microepidemics occurring in different regions of the world. As of September 2001, 222,356 AIDS cases have been reported to the Brazilian Ministry of Health and, on average, 597,443 people are estimated to be living with HIV/AIDS in the country. 1 The human immunodeficiency virus type 1 (HIV-1) exhibits an extraordinary degree of genetic variability and has been classified, based on phylogenetic relationships, into groups, subtypes, subsubtypes, and circulating recombinant forms (CRFs). Three distinct groups were described: M (major), which contains the majority of the pandemic HIV-1 strains; group O (outlier), with very highly divergent strains, 2 and group N (new or non-M non-O), found in Cameroon 3 and strongly related to SIV CPZ from chimpanzees from this country. 4, 5 Based on phylogenetic relationships, the M group has been further divided into nine subtypes (A-D, F-H, J, and K) and, more recently, the F 6 and A 7 subtypes were divided into two subclades. Recombination events are responsible for the formation of HIV-1 mosaic genomes, with distinct subtype signatures in different genomic regions. Some of them, designated as CRFs, were obtained from apparently unlinked isolates with the same intersubtype breakpoints and are actively participating in the global AIDS epidemic. 8 Subtype B has been described as the predominant HIV-1 subtype in Brazil followed by F and C subtypes, respectively, occurring in high frequency in the southeastern and southern regions. [9] [10] [11] [12] [13] Moreover, the V3 loop GWGR HIV-1 B0 variant and potential mosaic genomes involving the recombination or dual infections between B/F, B/C, and F/D subtypes have been previously described by our group and other groups. [14] [15] [16] [17] The presence of D and A subtypes has already been demonstrated as isolated cases in the country. tained from Brazilian regions known for bearing high frequencies of different HIV-1 subtypes, to identify and characterize the presence of recombinant intersubtype genomes.
MATERIALS AND METHODS

Virus strains
A set of 34 samples, previously subtyped by env-HMA, 11, 12, 18 was obtained from two geographic regions of Brazil, characterized for the presence of more than one prevalent subtype. HIV-1 samples from southern Brazil are part of an ongoing study (R. Loureiro, unpublished data). For the discrimination of the GWGR-B0 subtype B variant, the FokI restriction fragment length polymorphism (RFPL) was carried out as previously described.
14 For the present study eight samples from subtype F, seven from B, seven from C, two from D, one from A, and nine corresponding to the B0 Brazilian subtype B variant were selected for DNA sequencing and phylogenetic analysis based on the env C2-V3 gp120 and gp41 regions, gag p17, and nef region.
PCR amplification of the target sequences
DNA samples (<1 mg) were PCR amplified by a nested protocol in a Perkin Elmer 480 or 9600 Thermal Cycle. PCR reactions were performed in a volume of 100 ml containing 10 mM Tris-HCl (pH 8.3), 50 mM KCl, 200 mM of each dNTP, 20 pmol of each primer, 1.25 mM MgCl 2 and 2.5 U Taq polymerase (Pharmacia Fine Chem., Sweden). The env C2-V3 PCR amplification was performed as previously described, 20 using ED3/ED14 and ED31/ED33, respectively, as outer and inner primer sets. The gp41 PCR amplification was obtained by a nested protocol 20 using ED31 20 /MM1(TGGTGAATATCCCT-GCCTAA/HIV-1 HXB2 genome positions 8446 to 8365) 21 and ES7 20 -MM4 (CCTCCTACTATCATTATGAA/ HXB2 positions 8276 to 8295) as outer and inner primer sets. MM oligonucleotides were designed for this study. The gag p17 nested PCR amplification protocol 21 was performed using GAG1 22 /MZ14 23  and GAG2 22 /MZ14 23 as outer and inner primer sets. The nested PCR amplification of the nef region was obtained based on a previously described protocol, 17 using specific nef outer and inner primers described elsewhere. 24 
Direct DNA sequencing of PCR products
Five microliters (50-150 ng of DNA) of PCR-amplified DNA was submitted to enzymatic treatment with 1 ml of shrimp alkaline phosphatase (10 U/ml) and 1 ml of exonuclease I (2 U/ml) hydrolytic enzymes according to the manufacturer (Sequenase Version 2.0 DNA Polymerase, Amersham Pharmacia Biotech, Cleveland, OH). Immediately after this treatment, nucleotide sequences were obtained by the automated method (DNA sequencer model 377; Applied Biosystems, Foster City, CA) using a Big Dye Terminator kit (Applied Biosystems, Foster City, CA). The PCR products obtained for the env C2-V3, gag p17, and nef regions were sequenced in both senses using the PCR forward and reverse inner primers specified above. MM5 (TGAGGGACAATTGGAGAAGTG/ HXB2 positions 7648-7668) and MM4 oligonucleotides were respectively used as forward and reverse env gp41 sequencing primers. Edition of the nucleotide sequences and the translation of the predicted amino acid sequences were performed with the University of Wisconsin Genetic Computer Group (GCG) package. 25 Phylogenetic tree analysis DNA sequences were aligned by using CLUSTAL W. 26 The alignments were edited manually for minor adjustments. Phylogenetic tree constructions were performed using the neighbor-joining method 27 with the Kimura two-parameter method for distance correction, and the reliability of the branching orders were determined by the 100 times bootstrap. Only bootstrap values above 70% were specified in the major subtype branches. The final trees were visualized using the TreeView program. 28 The intrasubtype and intersubtype distances were calculated using the Kimura two-parameter correction with pairwise gap deletion based on the MEGA program.
gp120-C2-gp41 sequencing and intersubtype recombinant analysis
DNA fragments of 1297 bp encompassing the gp120-C2 to the transmembrane gp41 region (positions 6999-8296 of the HIV-1 HXB2 genome) 21 were PCR amplified using ED31-MM1 (first round) and ES7-MM4 (nested) primer sets to identify the putative recombination breakpoints among the gp120/gp41 discordant subtype samples. To cover the whole region, DNA sequencing was performed in both senses using primers ES7, ES8, ED12, ED14, ED31, and ED33 previously described 20 and MM2 (GTCTGGGGCATCAAGCAGCT/ HXB2 7931 to 7950), MM4, and MM5.
Identification of recombinant viruses was performed using the Recombinant Identification Program (RIP) from the Los Alamos Database webpage (http://hiv-web.lanl.gov/) and confirmed by the SimPlot for Windows version 2.5 (http://www. med.jhu.edu/deptmed/sray/download/). Recombinant breakpoint positions were based on the HXB2 genome (GenBank accession number K03455).
RESULTS
To provide phylogenetic relationship inferences among subtype samples prevalent in two Brazilian regions and to test the presence of recombinant viruses, a subset of 34 HIV-1 samples, previously subtyped by env-HMA, was selected for this study.
The phylogenetic analyses of PCR-amplified fragments of the gag p17 (360 bp), env C2-V3 (300 bp), env gp41 (480), and nef (660 bp) regions are presented in Figure 1 . Discordant subtyping among the four regions was observed for nine (26.5%) of 34 samples analyzed, suggesting the presence of potentially recombinant HIV-1 samples, which are underlined in the phylogenetic trees. All of the seven subtype B samples exhibited consistent phylogenetic groupings with the reference samples across their genome and were classified as potentially pure prototypic subtype B. The two previously env-HMA subtyped D samples were also classified as D regardless of the region analyzed. The one subtype A sample described in this study also grouped with subtype A references in both C2-V3 and gp41 env regions. One of the samples from southern Brazil (98BRRS004), classified as B0 in the C2-V3 gp120 and as B in gp41 had the gag and nef regions clustering with subtype C. Two of seven C2-V3 subtype C samples presented recombinant patterns as Bgag/Cenv/Bnef (98BRRS028) and Bgag/ Cenv/Cnef (98BRRS035). Subtype F was highly variable exhibiting at least three distinct patterns. Indeed, from the eight samples subtyped as F based on the C2-V3 gp120, six seemed to be potentially recombinant viruses with genomes like Bgag/Fenv/Bnef (95BRMG005), Bgag/Fgp120/Bgp41/Bnef (96BRRJ101), Fgag/Fenv/Bnef (98BRRS037), Bgag/Fgp120/ Bgp41 (95BRRJ014 and 95BRSP004), and Bgag/Fgp120 (98BRRS053). Moreover, nef sequencing did not give usable sequences for some HIV-1 samples, suggesting a high polymorphism of the nef-targeted sequences. These results are summarized in Table 1 , which also includes the geographic origin of the HIV-1 samples as well as the year of sample collection.
Phylogenetic tree analysis of the gp120 C2-V3 region showed that almost all of our samples clustered consistently with the subtype reference strains, and the major subtype branches presented high bootstrap values (Fig. 1B) . Nine representative B0 subtype B variant samples, bearing the GWGR sequence at the top of the V3 loop, clustered together in a separate group, although this clustering was not supported by a significant bootstrap value (.70%). One of the B0 samples (95BRSP001) was highly divergent, showing a 12 bp insertion at the top of the V3 loop in addition to several nucleotide substitutions. Sample 95BRRJ012, which presents the GFGR motif at the top of the V3 loop, also clustered together with the B0 subtype B variant, probably as a consequence of the great genetic similarity among them. Indeed, the GWG motif (TGG) was suggested to be an intermediate sequence to GFG motif (TTG or TTT or TTC). 29 The remaining subtype B samples clustered in another branch, with the exception of sample 95BRRJ002, which appeared alone in one separate branch. Sub- Although the PCR amplification of subtype A sample 98BRRS058 was possible with all primer sets included in this study, usable sequences were obtained just for the gp120 and gp41 env regions. Phylogenetic analysis revealed that this sample appeared alone in one separate branch closely related to the subtype A reference strains in both regions (Fig. 1B and C) .
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No significant bootstrap values (.70%) could be obtained for some of the major subtype branches in the phylogenetic analysis of the gag, C2-V3, gp41, and nef regions (Fig. 1) . However, these values increased when highly divergent samples were excluded from the analysis. For instance, the bootstrap value obtained for the gp41 subtype F samples was 67%, increasing to 81% when the 95BRMG005 sample was excluded from the analysis (Fig. 1C) . Moreover, subtype B samples 98BRRS028, 95BRRJ009, and 98BRRS037 were highly divergent in the nef region (Fig. 1D) , and their inclusion in the phylogenetic tree analysis reduced the bootstrap value of the B branch from 83 to 64% and, except for sample 95BRRJ009, further SimPlot analysis of this region suggested a B/F recombinant profile (data not shown).
Amplification of the 1298-bp fragment encoding the env C2-V3/gp41 region was obtained for three samples (95BRRJ014, 95BRSP004, and 96BRRJ101) showing discordant gp120 and gp41 subtypes to perform the characterization of putative recombination breakpoints based on the RIP and SimPlot 2.5 analyses. Figure 2A is representative of the SimPlot analysis of those samples, including the CRF12 ARMA185 30 for comparative purposes. A schematic representation of the putative breakpoints of recombinant B/F viruses is depicted in Figure 2B . Similar breakpoints were observed between unlinked samples 95BRRJ014 and 96BRRJ101. One of the breakpoints was localized in the gp120 C5 region, with a discrepancy of 20 bp, and the other was localized in the same position at the gp41 immunodominant epitope for both samples. Moreover, sample 95BRSP004 presented just one breakpoint, which was also localized in the gp120 C5 region close to the former ones. Figure 3 shows the high complexity of the Brazilian subtype A sample 98BRRS058 based on the SimPlot analysis. Three fragments could be identified as subtype A, with at least 80% similarity with the A reference samples (hatched open boxes). However, no clear subtyping could be obtained for the intermediate fragments (open boxes), which gave high similarity values with distinct HIV-1 subtypes.
DISCUSSION
The presence of several HIV-1 subtypes circulating in Brazil has already been described by our group and others. [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] In this paper we have tried to improve the molecular analysis of HIV-1 samples obtained from two Brazilian regions, characterized by the presence of more than one prevalent subtype, to identify recombinant viruses. In fact, based on the phylogenetic analysis of env C2-V3 and gp41, gag p17, and nef regions, potentially HIV-1 recombinant viruses were found at a high rate (26.5%) among 34 randomly selected samples. The great majority (six of eight) of the potentially recombinant genomes were found among samples previously subtyped as F based on the env C2-V3 region. All of them were due to recombination between subtypes B and F. Subtype B and C recombinant viruses were also found in two of seven subtype C env samples from southern Brazil, with two distinct patterns (Bgag/Cenv/ Bnef and Bgag/Cenv/Cnef).
In a previous study, with HIV-1 samples collected between 1990 and 1992, we were able to identify one B/F recombinant virus in 28 samples obtained from patients also infected in the southeastern region of Brazil. 9, 15 However, in that study only the C2-V3 gp120 envelope region was analyzed limiting the identification of the recombination events. Indeed, it was estimated that around 10% of HIV-1 circulating forms in the world correspond to recombinant viruses. 31 With the extension of the analysis to other genomic regions, in addition to the envelope gene, as well as of full genome sequences, it became evident that the frequency of subtype recombinant viruses is quite important in the AIDS pandemic. 32 Recent studies from Africa show that the proportion of samples with gag/env discordant subtypes can vary from less than 10% to up to 40%, according to the number of different subtypes found to be circulating in the region. 33 In a study conducted in Manaus, Brazil, 45% of B/F recombinant viruses were identified. 34 Similar data were also observed in samples from other South American countries (Argentina, Uruguay, and Bolivia), where no pure subtype F was found. In fact, all subtype F samples classified based on env HMA were found to be unique recombinant B/F forms or represented a new circulating recombinant form, CRF12. 30 This same study supports the evidence that these B/F recombinants have been circulating since the beginning of the 1980s, showing that recombinant forms are viable and efficiently transmitted, as previously reported. 15 Taken together, the available data concerning B/F recombinant viruses suggest that subtype F samples could be more susceptible for the recombination events, or we can also suppose that B/F recombination could improve virus infectiousness or increase the virus fitness, however biological studies should be made to confirm these hypotheses.
The three samples presenting discordant subtypes between gp120 and gp41 (95BRRJ014, 95BRSP004, and 96BRRJ101) were amplified in almost the full-length env C2-V3/gp41 fragment. The analyses of this fragment allow us to verify two similar mosaic genomes (F gp120 C2-C5/B C5-gp41ID/F gp41 ID-39) for samples 95BRRJ014 and 96BRRJ101. A distinct mosaic genome was found for sample 95BRSP004, which presents only one breakpoint localized in the C5 gp120 region. All three samples were classified as B in the gag p17 region, and sample 96BRRJ101 was also classified as B in the nef region, thus differing from the CRF12 samples that are classified as F in these regions. Indeed, this circulating recombinant form, recently described for HIV-1 samples from Argentina and Uruguay, 30 is classified as subtype F in almost the entire gp160, with the exception of a small B segment located in the intracellular part of the gp41 protein (8483-8660), distinct from our samples, that is clearly F and B or B/F in the gp120 and gp41 regions (Fig. 2) . Thus, further studies of full length sequencing of these unlinked Brazilian B/F recombinant viruses will be of paramount importance for the identification of new CRFs in South America. The study of HIV-1 subtype C samples has been considered quite important for vaccine development. This subtype corresponded to 56% of the new HIV-1 infections in 1999 35 and seems to be spreading all over the world. Three circulating recombinant forms involving subtype C samples have already been described. 32, 36, 37 Recombination between subtypes B and C has been identified among the HIV-1 samples obtained from southern Brazil described in the present study, with at least three distinct patterns (Bgag/Cenv/Bnef, Bgag/Cenv/Cnef, and Cgag/Benv/Cnef). In a previous study, 22 a Cgag/Benv recombinant pattern was also detected among Brazilian HIV-1 samples collected in the southern region, in a setting of a UNAIDS initiative for HIV-1 subtyping in potential HIV-1 vaccine trial sites, suggesting that recombinant B/C genomes can be quite extensively spread in this region.
In contrast to the low number of subtype C samples already described for other Brazilian regions, 11, 38, 39 a high prevalence of this subtype has been found in the south. 13 The mean distance of 10.5% verified in the C2-V3 region among subtype C samples described in the present work supports the recent introduction of this subtype in the country, as previously proposed. 40 In contrast, the highest distance diversity was observed within subtype B samples in all genomic regions included in the present analysis, suggesting that this subtype has been circulating in Brazil for a longer period of time, with multiple virus introductions.
The presence of HIV-1 subtypes D and A has been recently documented in Brazil. [17] [18] [19] In this paper we described an imported case of subtype D infection in a sample from southeastern Brazil, found in a patient infected in Africa (98BRRJ045), which presented a high molecular distance when compared to the autochthonous Brazilian subtype D sample previously documented by our group (96BRRJ100). 18 The HIV-1 subtype A sample analyzed in this study was identified in a molecular epidemiological survey carried out in southern Brazil (98BRRS058), as presenting an indeterminate env HMA pattern, being further subtyped based on the phylogenetic analysis of the C2-V3 region. Moreover, the SimPlot analysis of the 1290-bp fragment covering the env C2-V3/gp41 region showed three distinct segments that did not match specifically with any of the known subtypes. This might explain the isolated branching of this sample near the subtype A reference samples in the phylogenetic tree analysis of this fragment. The presence of this subtype in Brazil was firstly described in an HIV-1 sample from Rio de Janeiro based on the analysis of the gag p24 region.
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The RT-pol region was also analyzed in this paper, but it could not be assigned to any specific subtype group. Taken together, these "subtype A" samples, identified in two distant Brazilian regions, could represent new subtype A variants to be explored in further analysis. The potential role of these subtypes and recombinant genomes in different aspects of the AIDS epidemics is still a matter of investigation.
SEQUENCE DATA
GenBank accession numbers: AY071929-AY071952 (nef gene), AY071953-AY071967 (C2-V3 env gene), AY071968-AY071996 (gag gene), AY01997-AY072000 (GP160 env gene), AF463420-AF463458 (gp41 env gene). AF062422 (95BRMG005,C2-V3), AF062424 (95BRRJ014, C2-V3), AF062425 (95BRRJ021), AF060953 (95BRRJ002), AF060955-AF060962 (95BRRJ005-95BRRJ13), AF060963-AF060967 (95BRRJ015-95BRRJ020), AF062425 (95BRRJ021), AF000238 (96BRRJ100). 
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